Neuronal stem cell lineages are the fundamental developmental units of the brain, and neuronal circuits are the fundamental functional units of the brain. Determining lineage-circuitry relationships is essential for deciphering the developmental logic of circuit assembly. While the spatial distribution of lineagerelated neurons has been investigated in a few brain regions [1] [2] [3] [4] [5] [6] [7] [8] [9] , an important, but unaddressed question is whether temporal information that diversifies neuronal progeny within a single lineage also impacts circuit assembly. Circuits in the sensorimotor system (e.g., spinal cord) are thought to be assembled sequentially [10] [11] [12] [13] [14] , making this an ideal brain region for investigating the circuit-level impact of temporal patterning within a lineage. Here, we use intersectional genetics, optogenetics, high-throughput behavioral analysis, single-neuron labeling, connectomics, and calcium imaging to determine how a set of bona fide lineage-related interneurons contribute to sensorimotor circuitry in the Drosophila larva. We show that Even-skipped lateral interneurons (ELs) are sensory processing interneurons. Late-born ELs contribute to a proprioceptive body posture circuit, whereas early-born ELs contribute to a mechanosensitive escape circuit. These data support a model in which a single neuronal stem cell can produce a large number of interneurons with similar functional capacity that are distributed into different circuits based on birth timing. In summary, these data establish a link between temporal specification of neuronal identity and circuit assembly at the single-cell level.
RESULTS AND DISCUSSION

Even-Skipped Lateral Interneurons Can Be Subdivided into Early-Born and Late-Born Temporal Cohorts
We took advantage of the extremely well-characterized neuronal stem cells (neuroblasts) and their lineages in the Drosophila larval nerve cord to study lineage-circuitry relationships in a sensorimotor system. The Drosophila larval nerve cord is subdivided into a series of bilaterally symmetric segments, each of which contains 30 pairs of neuroblasts that give rise to all nerve cord neurons. Here, we focus on one class of bona fide sibling neurons-Even-skipped (Eve)-expressing interneurons with lateral cell body positions (ELs), a morphologically diverse set of excitatory interneurons from [15] [16] [17] .
The first abdominal segment consists of left/right clusters of ten ELs that can be subdivided into two groups based on the expression of the enhancer ''R11F02'' [18] . R11F02 expresses in the lateral-most ELs and a few other cells (Figures 1A and S1) . During neurogenesis, newly born neurons displace their older siblings away from the parent neuroblast-generating an early-to-late, medial-to-lateral spatial pattern ( Figure 1B ). Thus, we hypothesized that R11F02(+) ELs were late born. Using a panel of transcription factors to assess birth order [17] (Figure S1 ), we found that R11F02(+) ELs express the late-born marker Nab, but not early-born markers Kruppel/Pdm2 ( Figures  1C-1E ). Thus, expression of R11F02 subdivides ELs into earlyborn and late-born temporal cohorts. However, the functional significance of this subdivision is unknown.
To investigate early-born and late-born ELs, we used lines that specifically target each temporal cohort of neurons. For this study, we generated R11F02-GAL80, which, when used with EL-GAL4, allows GAL4 to remain functional only in early-born, medial ELs (Figures 1F and 1F 0 ). In addition, we used the split GAL4 lines R11F02-DBD and EL-AD to generate functional GAL4 in late-born, lateral ELs [15] (Figures 1G and 1G 0 ). Thus, we can selectively manipulate the activity of each temporal cohort.
Late-Born ELs Contribute to a Proprioceptive Circuit Required for Normal Crawling
We examined the behavioral response to acute stimulation of late-born ELs. Previously, we showed that chronic stimulation of R11F02(+) ELs caused larvae to crawl with abnormal left/right body posture, but we did not monitor initial responses of larvae to activation [15] . Thus, it was unknown to what extent acute activation of late-born ELs slows larval motion, as would be expected if late-born ELs process proprioceptive information [19] . Here, we built a behavior rig to monitor behavior before, during, and after optogenetic stimulation ( Figure 2A ). We measured larval speed by calculating the distance traveled by the larval centroid over time without regard to whether the direction of movement aligned with the body axis. Immediately upon stimulation of late-born ELs, body movements became left/right uncoordinated and speed was significantly reduced (Figures 2B and 2F; Movie S1) . Thus, the normal activity of late-born ELs is required for normal crawling, consistent with the idea that late-born ELs process proprioceptive information. Furthermore, these data serve as a baseline for comparisons with early-born ELs.
Early-Born ELs Contribute to a Mechanosensitive
Circuit that Can Trigger Escape Rolling Next, we ask whether stimulation of early-born and late-born ELs elicit similar or distinctive behavioral responses. Surprisingly, during optogenetic stimulation of early-born ELs speed transiently increased ( Figure 2C ; Movie S1). Furthermore, we simultaneously stimulated all ELs and found a transient increase followed by a sustained reduction in speed ( Figure 2D ), which extended a previous finding that measured the later, but not initial, responses of larvae to activation of all ELs [15] . Thus, it is likely that late-born and early-born ELs operate in distinct circuits.
Increases in speed upon stimulation of early-born ELs could be due either to faster crawling or to larvae initiating a distinct movement-escape rolling. Escape rolling is the fastest larval movement and can be identified both because trachea on the dorsal side of the larva disappear beneath the body and because the direction of movement is lateral to the body axis [20, 21] .
Higher resolution imaging showed that stimulation of earlyborn ELs frequently elicited multiple rolls, whereas stimulation of late-born ELs rarely elicited rolling . We asked whether stimulation of early-born ELs triggered other escape-related behaviors-hunching, fast crawling, reversals, body bending [21-23]-and found an increase in body bending ( Figure S2 ). Thus, activation of early-born ELs robustly triggers some, but not all, escape-related behaviors.
Next, we asked whether any early-born EL could be part of an escape circuit. Recently, an escape circuit has been characterized, which contains a set of roll-inducing ''Basin'' interneurons [24] . Furthermore, the neurons downstream of Basins have been identified in a transmission electron microscopic (TEM) volume that contains the entire larval CNS [24] . Here, we ask whether any neurons that receive synapses from Basins are early-born ELs. We generated single-cell clones of early-born ELs and imaged single-neuron morphology with fluorescent microscopy. Then, we compared our collection of early-born EL morphologies, as determined by light microscopy, to the morphologies of neurons downstream of Basins, as determined by TEM. We found three early-born ELs receive inputs from Basins ( Figures 3A, 3B , and 3D). Thus, early-born ELs contribute functionally, and anatomically, to an escape circuit.
ELs Are Sensory Processing Interneurons
This is the first time that single-cell morphology and connectivity have been identified for a majority of lineage-related interneurons within a Drosophila larval segment. We accomplished this by determining the spatiotemporal origin of neurons that were recently annotated in a Drosophila larval brain TEM volume In all images anterior up; scale bar, 10 mm; midline at arrowheads or on left. Genotypes were as follows:
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. See Figure S1 . [15, 24] Figure S2 and Movie S1.
amount of direct proprioceptive input [15] ( Figure 3C ). Late-born ELs and Jaams get little input from other sensory neurons [15] . Second, early-born ELs contribute to a mechanosensitive circuit. The TEM-annotated, early-born ELs in segment A1 receive direct synaptic input from mechanosensitive chordotonal sensory neurons and receive direct synaptic input from Basins 1 and 3, which themselves receive a large amount of direct mechanosensory chordotonal input [24] ( Figure 3D ). These early-born ELs, Basin1, and Basin 3 receive little known input from other sensory neurons [24] . Currently, the inputs on to the remaining early-born ELs in segment A1 are unknown ( Figure 3F ). Nonetheless, a majority of ELs in segment A1 are first-order sensory processing interneurons, directly receiving sensory neuron input, and many ELs are second-order sensory processing interneurons, indirectly receiving sensory neuron input ( Figures 3C-3F ). Notably, ELs are largely silent in the absence of sensory input and are therefore likely to encode sensory information [15] . Taken together, these functional and anatomical data suggest that NB3-3 produces many sensory processing neurons. Figure 4A ). Hunching can be identified because larvae rapidly reduce crawling speed and shorten their body. We generated a new sound stimulus using a composite of known stimuli (Audio S1). To validate the stimulus, we adapted our behavioral rig by adding a speaker and amplifier ( Figure 4B ), played the stimulus to larvae, and measured speed and body perimeter over time. In response to stimulation, control larvae robustly hunched ( Figure 4C ; Movie S2), whereas larvae lacking chordotonals did not hunch (Figure 4D ; Movie S2). Thus, the sound/vibration stimulus can be sensed by larvae, and the response depends on mechanosensitive chordotonal sensory neurons.
A B C D E F
Early-Born ELs and Late-Born ELs
Next, we asked to what extent do chordotonals and early-born and late-born ELs respond to sound/vibration. We adapted a previously described, head-fixed preparation, in which the anterior portion of the larva that contains the CNS is flattened and nearly immobilized, but the posterior is untouched [26] ( Figure 4E ). Calcium imaging monitored neuronal activity before, during, and after stimulation, and DF/F measured fluorescence intensity. As expected, chordotonals robustly responded to stimulation [21, 25] (Figures 4F and S3 ; Movie S3). Early-born ELs responded to stimulation with a smaller amplitude, but with a similar percentage responding in comparison to chordotonals (Figures 4G and S3; Movie S3) . In contrast, late-born ELs showed little to no response (Figures 4H and S3 ; Movie S3). Thus, early-born versus late-born ELs differentially respond to sensory input. Furthermore, these data strongly suggest that the chordotonalto-early-born EL connections seen in the TEM are functional, present in multiple larvae, and present in multiple segments along the anterior-posterior axis of the nerve cord.
Temporal Cohorts May Be a Fundamental Organizational Unit
Temporal patterning within a lineage is known to diversify lineagerelated progeny. Our work contributes an additional concept, showing that within a temporal cohort interneurons are similar. Furthermore, in the Drosophila motor system there may be many temporal cohorts-for example, Basins, Jaams, as well as another group of neurons that contact ELs, Saaghis, may be temporal cohorts ( Figures 3E and 3F ). These interneurons are morphologically similar to each other [15] , and Basins have been explicitly hypothesized to be lineage related [24] . Thus, the observed link between temporal patterning and functional circuit assembly may be representative of a widely occurring phenomenon.
A Novel Lineage-Circuit Relationship in the Sensorimotor System How lineages contribute to neuronal circuits has been investigated in a few brain regions, none of which are sensorimotor [1, 6] . These studies have demonstrated that different brain regions have different lineage-circuitry relationships, which are likely to be critical for establishing region-specific functional differences. Sensorimotor systems perform a unique series of computations-sensing multiple kinds of stimuli, such as selfmovement or pain, and producing adaptive motor outputs, such as locomotion or escape. Here, we use the Drosophila sensorimotor system to show that late-born, lineage-related ELs contribute to a proprioceptive circuit and that early-born, lineage-related ELs contribute to a mechanosensitive circuit. In both circuits, ELs are sensory processing interneurons. Thus, it appears that the NB3-3 lineage endows ELs with the capacity to processes sensory information regardless of circuit identity, and birth-timing segregates ELs into different circuits. Assembling circuitry according to these rules elucidates the developmental mechanisms that generate sensorimotor systems with the ability to process different types of sensory information in parallel. Depending on context, Basin interneurons can promote multiple types of escape responses, such as rolling, hunching, and bending [22, 25] . Some, but not all, of these escape behaviors occur upon stimulation of early-born ELs, which are downstream of Basins. These findings raise the questions: do other members of the NB3-3 lineage promote other escape responses? Do early-born neurons from other lineages promote other escape responses? Addressing these questions will be important for the field.
Temporal Specification of Sensorimotor Circuits
Our data support the idea that a developmental strategy for assembling sensorimotor circuits is as follows: a given neuronal stem cell can produce many neurons with similar functional capacity, which are distributed into different circuits based on birth timing. This developmental strategy may be used in other sensorimotor systems. Although the exact lineage-circuit relationship is unclear, the mammalian spinal cord provides additional examples of temporal cohorts of developmentally related neurons performing analogous functions in different circuits. For example, Renshaw cells and Ia interneurons are sequentially produced by p1 progenitors [27, 28] . Renshaw cells contribute to a motor neuron feedback circuit, whereas Ia interneurons contribute to a stretch reflex circuit. Despite participation in distinct circuits, Renshaw cells and Ia interneurons perform analogous functions-directly synapsing onto motor neurons and terminating firing [29] . In addition, for extensor and flexor premotor interneurons, many of which originate from the same progenitor domain, time of neurogenesis is correlated with spatial, and inferred functional, segregation [13] . Thus, temporal segregation of lineagerelated neurons with similar functional capacities is likely to occur in evolutionarily distant species, suggesting the fundamental importance of this developmental strategy.
Furthermore, our data reveal a correspondence between vertebrate and Drosophila sensorimotor development. In zebrafish, early-born neurons contribute to circuits for fast escape, whereas later-born neurons contribute to circuits for refined movements [12] . These observations led the hypothesis-circuits for fast/gross movements and neurons in these circuits develop early, whereas circuits for slow/refined movements and neurons in these circuits develop later [10, 11] . However, it is unclear how broadly this hypothesis applies. We show that similar to zebrafish, in Drosophila, early-born neurons contribute to circuits for fast escape, whereas later-born neurons contribute to circuits for proprioceptive refinement of movements. Thus, this developmental principle guiding sensorimotor circuit assembly may be conserved across species despite separation by hundreds of millions of years of evolution.
STAR+METHODS
Detailed methods are provided in the online version of this paper and include the following: 
CONTACT FOR REAGENT AND RESOURCE SHARING
Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Ellie S. Heckscher (heckscher@uchicago.edu).
EXPERIMENTAL MODEL AND SUBJECT DETAILS
Fly genetics
We used standard methods for propagating fly stocks. Where noted, larvae were fed yeast paste containing all-trans-retinal (ATR) [4] . For cell ablation and calcium imaging experiments, embryos and larvae were raised at 29C to increase GAL4 expression levels. To target specific cell populations, the following lines were used: R11F02-GAL4 [5] drove expression of UAS-effectors under the control of the ''R11F02'' enhancer fragment. EL-GAL4 [6] drove expression of UAS-effectors in all ELs. The combination of R11F02-DBD and EL-AD [2] drove expression of UAS-effectors in late-born ELs, and the combination of EL-GAL4 and R11F02-GAL80 drove expression of UAS-effectors in early-born ELs. IAV-GAL4 (Bloomington [BL] #36360) drove expression of UAS-effectors in chordotonal sensory neurons. The R11F02-GAL80 fly was generated by using standard methods as described before [2] . The plasmid pR11F02-GAL80 used to generate this fly (inserted at attP40 by BestGene) was cloned via the Gateway method (Invitrogen) using the entry vector containing the R11F02 promoter fragment (pCR8/GW/TOPO-R11F02 [35] ) and a GAL80 destination vector, pBPGAL80Uw-6 [36] . The following UAS-effectors were used: UAS-nls-GFP (BL #6452), UAS-myr-GFP (BL #32197), UAS-IVSCsChrimson.mVenus (BL #55136) [7] , UAS-Reaper, UAS-HID [8] , UAS-syt-GCaMP6s (BL #64415 [9] . For permanent labeling we used UAS-FLP (BL #8208), actin-FRT-stop-FRTgal4 (BL #4779).
METHOD DETAILS Embryo staining
We used standard methods to stain Drosophila embryos and larvae. The following primary antibodies were used: chicken-GFP (1:1000; Aves), chicken-V5 (1:300; Bethyl), guinea pig-Eve (1:1000; John Reintz, University of Chicago), guinea pig-Nab (1:500, Takako Isshiki, Kanazawa University), mouse-HA (1:100; Biolegend), rabbit-Kruppel (1:500, Ralf Pflanz, Max Planck Institute for Biophysical Chemistry), rat-Elav (1:10; DSHB developed under the NICHD and maintained by the University of Iowa), rat-Flag (1:300; Novus), rat-Pdm2 (1:10, Chris Q. Doe, University of Oregon), rat-Runt (1:300, John Reintz, University of Chicago), rat-Worniu (1:250, Chris Q. Doe, University of Oregon). Secondary antibodies were from Jackson Immuno Research and were reconstituted according to manufacturer's instructions and used at 1:400. Images were acquired on a Zeiss 880 confocal microscope with 40X objective. Images were cropped in ImageJ (NIH) and assembled in Illustrator (Adobe) or Keynote (Apple). Embryos were staged for imaging based on morphological criteria.
Larval behavior
Behavioral arenas were made of 2% agarose in water, poured to 5 mm thickness. Behavior was recorded at 23C. 20-100 larvae were allowed to crawl for at least 10 min on the agarose arena prior to recording. The arenas were placed on a 12 inches square plexiglass sheet illuminated with 850 nm LEDs (1 m of SMD3528-600 LED light strip; 120 LEDs per meter at 9.6W/meter; HK-F3528IR60-X from ledlightsworld.com), in a modified frustrated total internal reflection set-up [8] . Behavior was recorded with a personal computer running Point Grey FlyCap2 software and attached to a GS3-U3-41C6NIR camera (Point Grey) mounted with a 16mm Standard Schneider Compact VIS-NIR Lens and 825 nM high performance longpass filter (Edmund Industrial Optics, 86-070). Images were acquired at 10 frames per second.
For optogenetic experiments, we recorded behavior in early stage larvae (6-30 hr post hatching). Recordings include 30 s in the absence of stimulating light, 30 s in the presence of stimulating light, and a final 30 s in the absence of stimulating light. Stimulating light and camera shutter were controlled with an Arduino Uno microcontroller. Stimulating light consisted of: 1200 lumens of 605 nm light (measured at 50% PWM, unless otherwise noted) using a strip of 28 5050SMD LEDs (18 LEDs/ft, 57000 mcd/ft, 4W/ft; superbrightleds.com, NFLS-Y30X3-Bk-LC2) mounted on a 6 inches diameter plexiglass circle.
For sound/vibration stimulation experiments, we recorded behavior in third instar larvae (72-96 hr post hatching). Recordings include 30 s in the absence of stimulating sound, 30 s in the presence of stimulating sound, and a final 30 s in the absence of stimulating sound. Sound was generated using a Visaton FR12, 4 Ohm speaker (5 inches diameter) and a PYLE PCA2 stereo power amplifier. The sound stimulus was played at 100 dB (measured 5 inches from speaker cone), and consisted of a composite sound file that included a 1000HZ tone and a wasp wing beat tone from Zhang et al. [10] . See also Audio S1.
Single neuron labeling
We generated a collection of early-born EL single cell morphologies. Briefly, a multi-color flip out stock, harboring a heat-shock inducible FLP recombinase construct was crossed to R11F02-GAL80, EL-GAL4. Heat shock (37C incubator for 45 min) was delivered to embryos aged 4-24 hr on apple juice caps. Late first instar or early second instar larvae were dissected and stained for HA, Flag, and V5 epitopes to visualize single cell clones. Larvae were also stained for Eve protein to confirm the identity of each single cell clone as early-born EL, and to assign segmental identity to each clone. Clones were imaged on a Zeiss 880 or 800 confocal microscope. We generated over 190 single cell clones, and saw each neuronal morphology in a minimum of two separate larvae. Each single MCFO(+) Eve(+) clone was analyzed in dorsal and posterior views.
Calcium imaging and analysis
The head-fixed preparation was adapted from Guo et al., 2016 [16] . Briefly, early third instar larvae (48-72 hr post hatching) expressing GCaMP6s were rinsed with water and placed on a glass microscope slide. 20 mL of dH 2 O was placed on each larva and a #1 22x22 mm coverslip was carefully placed over the anterior one-third to one-half. In the semi-immobilized preparation, first instar larvae (6-12 hr post hatching) were placed on agar pads with a 22 mm circular coverslip placed on top. Pads were made by pouring 3% agar into a well.
Images were acquired on a Zeiss LSM 800 confocal microscope using 0.1%-0.2% 488-nm laser power with the pinhole entirely open. Images were acquired at 3 frames per second using a 10X (0.3 NA) or 20X (0.8 NA) objective. The calcium signal was continuously collected before, during, and after the stimulus. The same stimulus used for behavioral experiments (described above) was delivers as a 30 s sound pulse by a speaker placed on the microscope stage.
QUANTIFICATION AND STATISTICAL ANALYSIS
Analysis of behavioral data Extracting larval tracks from the movies was performed using FIMTracker software [37] using standard parameters, including 5 spine points (head is first, center is third, and tail is fifth). Only tracks containing 700/900 frames were analyzed. Further analysis was performed using MATLAB software (Mathworks) and custom scripts (available on request).
Speed was determined from changes in position of the center spine (as calculated by FIMTracker). Speeds were smoothed using a moving window of 10 frames (1 s). Speed of the individual track was normalized to the average speed during the initial imaging period where no stimulus was applied (minimally 100 frames, maximally 300 frames). Larval perimeter was calculated by FIMTracker, and normalized to the average perimeter during the initial stimulus free imaging period. To measure larval rolls, lateral movement was calculated. Lateral movement is the amount of speed whose direction is perpendicular to the main body angle (calculated from the slope between spine point 2 and 4). The lateral movement was smoothed using a moving window of 10 frames. Empirical analysis comparing this data with the movies determined that lateral movement greater than 3 pixels per frame indicated rolling behavior.
For Figure S2 , larval rolling behavior of individual larva was manually scored at varying light intensities-each different larva is designated by a letter. A larva was considered to be rolling if the trachea disappeared under one side of the larva body and reappeared on the other side. Note that this criterion for a roll is not based on larval speed, and thus some ''rolls'' may be uncoordinated flips rather bona fide escape rolls. Hunches are shortening of the head-to-body center distance, associated with a pause in crawling but not a head turn. A larva was considered to be fast crawling if during the stimulus phase it has a sustained increase in crawl speed, defined as 50 frames (5 s) in which the crawl speed was 10% greater than the crawl speed pre-stimulus. A reversal was minimally one reverse peristalsis of the larva. A larva was considered in a C-bend if the head-to-center angle and tail-to-center angle were each greater than 30 degrees and in the same direction. An S-bend required similar parameters but in opposite directions.
Identification of neurons in TEM
Ohyama et al., identified neurons that reproducibly receive input from Basin axon terminals [3] . Reproducibly is defined as both left and right homologs, if they exist, receiving at least two inputs from Basins. The neurons identified by Ohyama et al., include: A06b, A06b2, A08d, A12q, A29b, A02n, A02m, A02o, A03o, A05e, A08m, A10a, A10f, A12m, A19c, A00c, A08x, A08y, A10j, T05t, T08x, and T3Pr04. We assessed whether these neurons were early-born ELs by comparing their morphology with the morphology of early-born ELs that we identified by light microscopy (see above).
We used several criteria to for evaluation of a ''match'' between early-born EL single cell morphology and neurons downstream of Basins, whose morphology was determined by annotating a TEM. This TEM volume was also previously used to determine connectivity of late-born ELs [2] . The criteria we used to evaluate matches were the same as those previously published [2] . They include: Segmental cell body position We did not evaluate neurons in the thoracic or terminal segments. Thus, we cannot exclude the possibility that NB3-3 gives rise to: T3Pr04, T05t, T08x. Intrasegmental cell body position In Drosophila, there is little neuronal migration, so cell body position is highly predictive of single neuron identity in the late embryo [11] . For identifying neurons in the first instar larval TEM volume, cell body position is a powerful criterion that can be used to evaluate whether neurons identified by light microscopy and TEM microscopy could be the same. EL are found in the anterior third of each abdominal segment, and are positioned in the dorsal half of the nerve cord [11] . The following neurons had cell body positions that deviate drastically from the known position of EL cell bodies: A06b, A06b2, A10a, A10f, A10l, A12m, A19c, A00c, A10j.
Midline crossing
Our single cell analysis showed that every EL crosses the midline though the anterior commissure. The following neurons do not cross the midline: A29b, A02n, A02m, A02o, A03o, A05e. Neurite fasciculation with late-born ELs All ELs enter the neuropile in a single facile [2] . Because we had previously annotated five late-born, R11F02(+) ELs in the TEM volume we used these neurons within the TEM volume for comparison with remaining neurons downstream of the Basins. We asked if any of the remaining neurons fasciculated with late-born ELs, and found that only A08m, A08x, and A08y entered the neuropile in the same fascile as late-born ELs.
Pattern of neurite arborization
In the Drosophila nerve cord each individual neuron type is morphologically unique [12] . Thus, we next compared the arborization patterns of A08m, A08x and A08y as seen by TEM to the arborization patterns of early-born ELs as seen by our single cell light level analysis. To compare arbor morphology, we examined: arbor number, medio-lateral, dorso-ventral and anterio-posterior positioning of ipsilateral as well as of contralateral branches. These criteria are standard for the field [2, [13] [14] [15] . In our collection of single cell morphologies of early-born ELs we found near perfect morphological matches to A08m, and A08x ( Figures 3A and 3B) . The relevant features for matching, or ''ground truth'' are as follows: the EL neuron designated A08m has no ipsilateral projections, bushy contralateral neurite projections, and one contralateral arbor extending anteriorly to the thorax; the EL neuron designated A08x has ipsilateral neurites projecting anteriorly, and bushy contralateral neurite projections, and one arbor extending anteriorly to the brain.
Notably, we did not find any matches to A08y in our collection of early-born EL single neuron morphologies. However, we cannot exclude the possibility that A08y is an early-born EL because our collection of single cell morphologies may be incomplete.
Once we identified A08m and A08x neurons as downstream of Basins, we next examined which Basins synapsed onto A08m and A08x. Basin interneurons do not get identical inputs-the primary sensory inputs into Basin 1 and Basin 3 are mechanosensory, chordotonal sensory neurons, whereas Basin 2 and Basin 4 get a mixture of input from chordotonals and nociceptive sensory neurons [13] . Of the neurons downstream of Basins, A08m and A08x are unique in being the only commissural interneurons that get input predominantly from the chorodotonal-input specific Basin 1 and Basin 3.
Analysis of calcium imaging
Extracting changes in GCaMP6s fluorescence amplitude was done using Fiji [38] . A region of interest (ROI) that included the larval nerve cord was manually drawn, and the mean fluorescence within the ROI was calculated for each time point. The average GCaMP6s signal from the first 30 s before stimulus was taken as F, and DF/F was calculated for each data point.
For Figure S3 , ''Stimulus locked responses'' were those in which the change in fluorescence (DF/F) increased immediately (< 1 s) of stimulus onset remained above baseline for the duration of the stimulation (black bars in B). ''Other responses'' were those in which the DF/F increased above 0.05 during the stimulus, but did not coincide with stimulus delivery (dark gray bars in B). ''Non-responses'' were those in which the calcium signal did not increase above 0.05 during the stimulus (light gray bars in B).
